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Clinical PerspectiveWhat Is New?hsCRP (high‐sensitivity C‐reactive protein), a marker of systemic inflammation, is clinically elevated in most healthcare‐managed patients with myocardial infarction.hsCRP is associated with subsequent risk of major adverse cardiovascular events and death, with associations being linear for hsCRP ranging between 1 and 5 mg/L and plateauing thereafter to a sustained increased risk.What Are the Clinical Implications?Our results suggest that healthcare providers monitor and pay attention to the information on hsCRP in patients with myocardial infarction.Our results identify patient groups who may benefit from more aggressive guideline‐based treatment of risk factors, helping patient discussions to ecourage lifestyle changes to reduce their inflammation.

Introduction {#jah34154-sec-0008}
============

The contribution of inflammation to the pathophysiological features of atherosclerosis is well established,[1](#jah34154-bib-0001){ref-type="ref"}, [2](#jah34154-bib-0002){ref-type="ref"} as well as the prognostic usefulness of biomarker surrogates, such as hsCRP (high‐sensitivity C‐reactive protein), for predicting the risk of vascular events in primary cardiovascular prevention.[3](#jah34154-bib-0003){ref-type="ref"} Although there is also evidence supporting the use of hsCRP in patients with established cardiovascular disease (eg, secondary prevention), this comes primarily from post hoc analyses of clinical trials.[4](#jah34154-bib-0004){ref-type="ref"}, [5](#jah34154-bib-0005){ref-type="ref"}, [6](#jah34154-bib-0006){ref-type="ref"} The controlled settings of trials, subjected to strict inclusion/exclusion criteria and monitoring protocols, may, however, not reflect the heterogeneous reality of clinical practice.

Screening for inflammation in secondary prevention has remained infrequent. One contributing factor could be that, until recently, no data were available to provide direct evidence that reducing hsCRP would reduce rates of recurrent cardiovascular events. The CANTOS (Canakinumab Anti‐Inflammatory Thrombosis Outcome Study) convincingly showed that, among patients with prior myocardial infarction (MI) and hsCRP ≥2 mg/L, treatment with a monoclonal antibody targeting interleukin‐1β was associated with fewer cardiovascular events.[7](#jah34154-bib-0007){ref-type="ref"} The demonstration that low‐dose methotrexate in patients with MI failed to reduce levels of interleukin‐1β, interleukin‐6, or hsCRP and did not result in fewer cardiovascular events than placebo[8](#jah34154-bib-0008){ref-type="ref"} points perhaps future pharmacologic attention away from broad‐spectrum anti‐inflammatory treatments and toward targeted inhibition of the interleukin‐1/interleukin‐6 pathway of innate immunity.[9](#jah34154-bib-0009){ref-type="ref"} While still awaiting for the results of other inflammation‐targeted trials, such as those of tocilizumab[10](#jah34154-bib-0010){ref-type="ref"}, [11](#jah34154-bib-0011){ref-type="ref"} or colchicine,[12](#jah34154-bib-0012){ref-type="ref"}, [13](#jah34154-bib-0013){ref-type="ref"} it is conceivable to expect a paradigm shift in the treatment of human atherosclerosis and cardiovascular disease.

At present, there is limited or no information on hsCRP distribution among stable patients with MI from routine health care and on whether hsCRP has prognostic value in contemporary secondary cardiovascular prevention. Such evidence would inform clinical decisions on the usefulness of screening/monitoring inflammation after MI and on the size and target populations who may benefit from inflammation‐targeted therapies and be of assistance in both health service planning and risk management. The objective of this study was to estimate the background/residual inflammatory risk reflected by hsCRP in healthcare‐managed patients with MI, identify clinical predictors of elevated hsCRP, and explore purportedly associated risks of death and of major adverse cardiovascular events (MACEs).

Methods {#jah34154-sec-0009}
=======

The data that support the findings of this study are available from the corresponding author on reasonable request.

Data Sources {#jah34154-sec-0010}
------------

This study is based on the Stockholm Creatinine Measurements healthcare‐use cohort,[14](#jah34154-bib-0014){ref-type="ref"} which includes all Stockholm residents (Sweden) accessing health care and undertaking at least one plasma creatinine test during 2006 to 2011. Given the commonness of plasma creatinine testing, the Stockholm Creatinine Measurements healthcare‐use cohort captured 68% of the complete adult population census of the region. Because plasma creatinine is routinely ordered during the characterization and follow‐up of patients with MI, the Stockholm Creatinine Measurements healthcare‐use cohort was estimated to capture the virtually complete (99% coverage) population with MI of the region.[14](#jah34154-bib-0014){ref-type="ref"} Laboratory data were linked with regional and national administrative databases for complete information on healthcare use, both in outpatient and inpatient care, and including diagnoses, procedures, dispensed drugs, and follow‐up for death, with no loss to follow‐up. The study used only deidentified data and, thus, was deemed not to require informed consent. It was approved by regional ethical review boards and the Swedish National Board of Welfare and adheres to the Declaration of Helsinki.

Patient Selection, Study Design, and Study Exposure {#jah34154-sec-0011}
---------------------------------------------------

We included all adult (\>18 years old) patients with MI accessing health care and undertaking hsCRP testing (at least 30 days after the MI event) from January 2007 to December 2011. Patients with MI were identified by relevant *International Classification of Diseases, Tenth Revision* (*ICD‐10*), codes (I21, acute MI; I22, subsequent MI; and I252, old MI), registered in outpatient or inpatient care since 1997. All consecutive hsCRP measurements performed in Stockholm health care (in either outpatient or inpatient care) during the Stockholm Creatinine Measurements healthcare‐use cohort data collection period were then extracted.

The study exposure is hsCRP, as measured in clinical practice. In analyses from JUPITER (Justification for the Use of Statins in Prevention: An Intervention Trial Evaluating Rosuvastatin)[11](#jah34154-bib-0011){ref-type="ref"} or US National Health and Nutrition Examination Survey,[15](#jah34154-bib-0015){ref-type="ref"} hsCRP levels were found stable over time as long as they were not measured during acute infection. Nonetheless, real‐world health care differs from controlled settings, with hsCRP testing being done by judgement of the attending physician. Given the multiple indications of hsCRP tests, several patient‐ and test‐specific exclusion criteria were applied to avoid, as much as possible, healthcare‐use--related biases. To minimize confounding by indication bias, we excluded hsCRP levels occurring within the 30 days after the (most recent) MI event, hsCRP tests taken during an inpatient stay or emergency department visit (±1 day, but allowed hsCRP tests taken at admission of an elective surgery), and elevated hsCRP levels (\>20 mg/L), presumably indicative of acute illness. We also excluded hsCRP tests followed by the prescription of antibiotics, antivirals, or antimycotics within 7 days on the assumption that infection was the reason for hsCRP testing. Likewise, we excluded hsCRP levels during the following 3 months as they may relate to the monitoring and/or resolution of the infection event (see definitions in Tables [S1 and S2](#jah34154-sup-0001){ref-type="supplementary-material"}). After applying these hsCRP‐exclusion criteria, we selected the first eligible hsCRP level per patient to define a 3‐month baseline window. At this point, we excluded patients with comorbidities and/or long‐term medications that modify systemic inflammatory levels. These included ongoing/recent cancer (diagnosed within the previous 3 years), chronic infections (hepatitis, tuberculosis, or HIV infection), and undertaking corticosteroids or immunosuppressive drugs.

Finally, to minimize the possibility of reverse causality, we required patients to survive a minimum of 3 months from the first eligible hsCRP level, and we defined the background/residual inflammation of each patient as the geometric mean of all eligible hsCRP tests during a 3‐month baseline window. The end of that 3‐month window was considered as the index date of the study, the date at which study covariates were constructed and follow‐up for clinical outcomes was initiated. At this point, we estimated intraindividual hsCRP variability in the year after the index date to evaluate if our coefficients of variation approximated to previous reports from controlled settings.[11](#jah34154-bib-0011){ref-type="ref"}, [15](#jah34154-bib-0015){ref-type="ref"}

Study Covariates {#jah34154-sec-0012}
----------------

Study covariates were calculated at the index date and included age, sex, comorbidities and undertaken surgical procedures, ongoing medications, and laboratory values. Comorbid conditions are listed in Table [S1](#jah34154-sup-0001){ref-type="supplementary-material"} and were assessed through *ICD‐10* diagnostic codes issued at the time of or before the index date. Information on comorbidities comes from the Regional Healthcare register. Comorbidities identified in this study used established algorithms with an 85% to 95% validity.[16](#jah34154-bib-0016){ref-type="ref"} We collected information on coronary artery bypass grafting and percutaneous coronary intervention (PCI) by identification of issued Nordic Medico‐Statistical Committee surgical procedure codes (Table [S1](#jah34154-sup-0001){ref-type="supplementary-material"}).

Ongoing medications are listed in Table [S2](#jah34154-sup-0001){ref-type="supplementary-material"} and were assumed to be concomitant if there was a pharmacy dispensation at the time of or within the previous 3 months from index date or after 15 days. Information on drug dispensations was obtained from the Dispensed Drug Registry, a nationwide register with complete information on all prescribed drugs dispensed at Swedish pharmacies. The coverage of this register is considered virtually complete, as outpatient drug prescriptions and dispensations in Sweden are done via each citizen\'s unique personal identification number.

In Stockholm health care, laboratory tests are measured by 3 different laboratories (Aleris, Unilabs, and Karolinska), which are frequently audited to ensure reproducibility and consistency of determinations across the region. hsCRP levels were measured in plasma by either immunochemistry or turbidimetry, both with a minimum level of detection of 1 mg/L. Other laboratory values considered in this analysis were measurements of plasma creatinine, hemoglobin, total cholesterol, low‐density lipoprotein cholesterol, and serum albumin, as performed in health care. Laboratory concentrations were defined as the geometric mean of all available laboratory tests performed in connection with an outpatient consultation at time of or within the 12 months preceding index date. Missing values (ie, the laboratory test was not ordered during the defined window) were coded as "missing." Serum creatinine was measured with either enzymatic or corrected Jaffe method (alkaline picrate reaction) and used to obtain estimated glomerular filtration rate (eGFR) with the Chronic Kidney Disease (CKD)--Epidemiology Collaboration equation.[17](#jah34154-bib-0017){ref-type="ref"} CKD was defined as eGFR \<60 mL/min per 1.73 m^2^. The severity of CKD[17](#jah34154-bib-0017){ref-type="ref"} was then categorized as eGFR \<60 to 45, eGFR \<45 to 30, and eGFR \<30 mL/min per 1.73 m^2^. Patients undergoing renal replacement therapy (ie, maintenance dialysis or renal transplantation) at index date were categorized as having eGFR \<30 mL/min per 1.73 m^2^.

Study Outcomes {#jah34154-sec-0013}
--------------

The primary study outcomes were time to (cardiovascular) death and MACEs. Deaths were retrieved from the Swedish death registry, which is updated monthly and has complete national coverage. We calculated both the risk association with all‐cause mortality and with cause‐specific mortality. Cardiovascular‐related mortality was defined as any death with an *ICD‐10* code of the I family as main cause of death, and the remaining deaths were considered noncardiovascular. MACE was defined as the composite of nonfatal MI (*ICD‐10* code I21, I22, or I23), nonfatal ischemic stroke (*ICD‐10* code I63), or cardiovascular death. Nonfatal events were identified from diagnostic codes issued in primary or secondary position at a hospitalization discharge. Finally, we also evaluated the incidence rate of (any) hospitalizations and length of hospital stay as a more general surrogate of healthcare consumption/disease complications. Patients were followed up from index date until occurrence of event, migration from the region, or end of follow‐up (December 31, 2012), whichever occurred first.

Statistical Analysis {#jah34154-sec-0014}
--------------------

We present descriptive values as median and interquartile range (IQR), mean and SD, or counts with proportions. We report baseline demographics and clinical characteristics for all MI cases, stratified according to increased hsCRP levels. Because the optimal definition of inflammation in patients after MI is not established, we chose the cutoff hsCRP ≥2 mg/L as this was the hsCRP cutoff in post‐MI randomized controlled trials. We used logistic regression analysis to identify clinical predictors of this hsCRP threshold. As a sensitivity analysis, we also explore general characteristics and predictors, according to the hsCRP cutoffs, to define low, middle, and high cardiovascular risk in the general population (hsCRP level, \<1, 1--3 and \>3--10, and \>10 mg/L, respectively). We also redefined our baseline hsCRP level as the minimum hsCRP level encountered per patient during the 3‐month eligibility window. Within‐person variability of hsCRP was estimated as coefficient of variation during the first year after the index hsCRP measurement.

Crude cumulative survival rates for all‐cause mortality and MACEs were calculated as Kaplan‐Meier curves stratified over the hsCRP categories. Multivariable‐adjusted hazard ratios and 95% CIs were estimated using Cox proportional hazard models to determine the association between serum hsCRP level (both continuous and categorical) and study outcomes. We graphically assessed and found satisfying the proportional hazards assumption by plotting Schoenfeld residuals against ranks of time. We also investigated nonlinear relationships between serum hsCRP level and outcomes using restricted cubic splines. A smooth function of the logarithm of hsCRP, because of the skewed distribution, was added, where the optimal number of 4 knots was determined by generalized cross validation. *P* value for nonlinearity was obtained by testing the coefficient of the second spline transformation equal to 0. Interaction terms in a priori specified strata were used to evaluate the consistency of observed associations and explore effect modifications. To assess the impact of reverse causation bias, we repeated the main analyses, excluding events occurring within the first 6 or 12 months of follow‐up. All analyses were performed using R, version 3.4.1 (<http://www.rproject.org>), with packages "survival," version 2.43 to 3 (<https://github.com/therneau/survival>), and "mgcv," version 1.8 to 17, for the spline regressions.

Results {#jah34154-sec-0015}
=======

Patient Selection and hsCRP Levels {#jah34154-sec-0016}
----------------------------------

The patient selection flow chart is depicted in Figure [1](#jah34154-fig-0001){ref-type="fig"}. Of 50 931 adult MI cases identified, 34 057 had at least 1 hsCRP tested \>30 days after MI during 2007 to 2011 and were considered for analysis. After applying patient‐ and hsCRP‐specific exclusion criteria, a total of 17 464 adult MI cases with at least 1 eligible hsCRP during the baseline 3‐month eligibility window were included in the study.

![Patient selection flow chart. hsCRP indicates high‐sensitivity C‐reactive protein; MI, myocardial infarction.](JAH3-8-e012638-g001){#jah34154-fig-0001}

For included individuals, a total of 22 408 eligible hsCRP measurements were considered in the calculation of the baseline residual inflammatory risk. Most patients (81%) only had 1 test during the 3‐month baseline window, and the remaining 19% had between 2 and 22 tests taken (Figure [S1](#jah34154-sup-0001){ref-type="supplementary-material"}). We defined the baseline hsCRP as the geometric mean of all eligible measurements per participant, for it rendered the lowest SD and reduced the impact of possible outliers. The within‐person coefficient of variation during the first year after the index hsCRP measurement was estimated as 0.4 (IQR, 0.0--0.8). There was no difference in variability stratified on age and sex (Table [S3](#jah34154-sup-0001){ref-type="supplementary-material"}).

Baseline Characteristics and Clinical Predictors of hsCRP {#jah34154-sec-0017}
---------------------------------------------------------

Demographics and clinical characteristics are presented in Table** ** [1](#jah34154-tbl-0001){ref-type="table"}. A total of 63.5% of patients were men, with a mean age of 72.6 (SD, 12.4) years and a mean time since the MI of 3.2 (median, 2.2; IQR, 0.8--4.9) years. The mean baseline hsCRP level was 4.27 (median, 2.24; SD, 4.28; IQR, 1--6) mg/L. Hypertension (66%), heart failure (41%), atrial fibrillation (26%), diabetes mellitus (27%), and CKD (27%) were common comorbidities. A total of 39% of patients had undergone PCI, and 18% had undergone coronary artery bypass grafting. Aspirin, angiotensin‐converting enzyme inhibitors/angiotensin receptor blockers, β blockers, and statins were the most commonly prescribed medications, present in \>50% of participants.

###### 

General Characteristics of Adult Patients After MI in Stockholm, Sweden, From 2007 to 2011, Overall and by hsCRP Categories

  Characteristics                           Overall        hsCRP Level \<2 mg/L   hsCRP Level ≥2 mg/L
  ----------------------------------------- -------------- ---------------------- ---------------------
  No. (%)                                   17 464         5924 (33.9)            11 540 (66.1)
  Age, y                                    72.6 (12.4)    70.3 (12.4)            73.7 (12.2)
  Men, %                                    63.5           67.0                   61.7
  Time since MI, y                          3.2 (3.0)      3.2 (3.0)              3.2 (3.0)
  Hemoglobin, g/dL (n=13 605)               135.1 (16.1)   137.7 (15.1)           133.9 (16.4)
  Cholesterol, mmol/L (n=4575)              4.46 (1.10)    4.39 (1.03)            4.51 (1.12)
  LDL‐C, mmol/L (n=3211)                    2.53 (0.92)    2.47 (0.86)            2.57 (0.95)
  Albumin, mg/dL (n=5069)                   36.2 (4.5)     37.9 (3.8)             35.7 (4.6)
  eGFR, mL/min per 1.73 m^2^ (n=13 562)     69.3 (23.3)    74.1 (21.3)            67.0 (23.8)
  ≥60, %                                    51.2           54.4                   49.5
  \<60--45, %                               13.1           10.5                   14.4
  \<45--30, %                               8.7            5.4                    10.4
  \<30, %                                   4.7            2.4                    5.9
  Missing, %                                22.3           27.3                   19.8 
  Diabetes mellitus, %                      27.7           22.3                   30.5
  Hypertension, %                           67.3           62.5                   69.8
  COPD, %                                   15.4           10.5                   17.9
  Cancer, %                                 8.7            7.2                    9.4
  Dementia, %                               2.7            2.2                    3.0
  Heart failure, %                          41.9           31.6                   47.1
  Peripheral vascular disease, %            13.4           9.2                    15.6
  Stroke, %                                 15.7           11.2                   18.0
  Atrial fibrillation, %                    26.6           20.0                   30.0
  Inflammatory bowel disease, %             1.5            1.3                    1.6
  Rheumatoid diseases, %                    12.1           8.1                    14.1
  CABG, %                                   17.3           15.9                   18.0
  PCI, %                                    38.2           44.3                   35.0
  Aspirin, %                                66.9           72.4                   64.1
  NSAIDs, %                                 9.6            8.6                    10.2
  ACEIs/ARBs, %                             53.4           53.3                   53.4
  MRA, %                                    7.3            4.8                    8.6
  β Blockers, %                             69.1           71.3                   67.9
  Diuretics, %                              34.5           24.3                   39.7
  Calcium channel blockers, %               19.2           17.8                   20.0
  Digoxin, %                                3.9            2.2                    4.7
  Statins, %                                59.0           67.0                   54.9
  Ezetimibe, %                              2.0            2.4                    1.7
  Fibrates, resins, and nicotinic acid, %   1.3            1.1                    1.4
  Other blood pressure drugs, %             0.7            0.5                    0.8

Data are given as mean (SD) unless otherwise indicated. ACEI indicates angiotensin‐converting enzyme inhibitor; ARB, angiotensin receptor blocker; CABG, coronary artery bypass grafting; COPD, chronic obstructive pulmonary disease; eGFR, estimated glomerular filtration rate; hsCRP, high‐sensitivity C‐reactive protein; LDL‐C, low‐density lipoprotein cholesterol; MI, myocardial infarction; MRA, mineralocorticoid‐receptor antagonist; PCI, percutaneous coronary intervention.

Most (66%) of patients had an hsCRP level ≥2 mg/L, and 40% had an hsCRP level \>3 mg/L (Figure [2](#jah34154-fig-0002){ref-type="fig"}). Patients with an hsCRP level ≥2 mg/L (Table [1](#jah34154-tbl-0001){ref-type="table"}) were older, were more often women, and had a lower eGFR. The prevalence of most comorbidities increased in patients with inflammation, notably cardiovascular and rheumatoid diseases. Although diuretics and NSAIDs were more often dispensed to inflamed patients, statins, aspirin, and βblockers were less often dispensed. Table [S4](#jah34154-sup-0001){ref-type="supplementary-material"} shows patient characteristics, according to hsCRP levels of \<1, 1 to 3, \>3 to 10, and \>10 mg/L, observing similar trends across increasing hsCRP categories.

![Distribution of baseline hsCRP (high‐sensitivity C‐reactive protein) levels in real‐world patients after myocardial infarction from Stockholm, Sweden, from 2007 to 2011. Baseline hsCRP was defined as the geometric mean of all eligible tests per patient during a 3‐month eligibility window (see [Methods](#jah34154-sec-0004){ref-type="sec"}).](JAH3-8-e012638-g002){#jah34154-fig-0002}

The multivariable predictors of hsCRP ≥2 mg/L are shown in Table [S5](#jah34154-sup-0001){ref-type="supplementary-material"}. Briefly, lower hemoglobin, lower eGFR, comorbidities (heart failure, peripheral vascular disease, stroke, atrial fibrillation, diabetes mellitus, chronic obstructive pulmonary disease, and rheumatoid diseases), and ongoing medications (digoxin, diuretics, and NSAIDs) were associated with higher odds of hsCRP ≥2 mg/L. Conversely, those with PCI and taking angiotensin‐converting enzyme inhibitors/angiotensin receptor blocker or statins were associated with lower odds of elevated hsCRP. Multivariable predictors of hsCRP \>3 mg/L were essentially the same (Table [S6](#jah34154-sup-0001){ref-type="supplementary-material"}).

As a sensitivity analysis, we redefined the baseline hsCRP with the minimum hsCRP per patient within the 3‐month baseline window (Figure [S1](#jah34154-sup-0001){ref-type="supplementary-material"}). The minimum hsCRP was similar and not statistically different from the main analysis: mean minimum hsCRP, 4.02 (median, 2.00; SD, 4.16; IQR, 1--5) mg/L. Baseline characteristics and predictors remained essentially unchanged (Tables [S7](#jah34154-sup-0001){ref-type="supplementary-material"} through S9).

Risk of Mortality and MACEs Associated With hsCRP {#jah34154-sec-0018}
-------------------------------------------------

During a median follow‐up of 3.2 (IQR, 1.8--4.7) years, 4138 deaths (annual incidence rate, 7.4%, including 2343 cardiovascular and 1795 noncardiovascular deaths) and 3900 MACEs (incidence rate, 7.9%, composite of 1689 cardiovascular‐related deaths, 1390 nonfatal MIs, and 821 nonfatal stroke events) were recorded.

In crude analyses (Figure [3](#jah34154-fig-0003){ref-type="fig"} and Table [2](#jah34154-tbl-0002){ref-type="table"}), hsCRP was highly predictive of the incidence of deaths and MACEs. In multivariable‐adjusted Cox analyses, patients with hsCRP ≥2 mg/L compared with hsCRP \<2 mg/L had a 1.42 (95% CI, 1.31--1.53) higher risk of death, similarly attributed to both cardiovascular and noncardiovascular causes (Table [S10](#jah34154-sup-0001){ref-type="supplementary-material"}). Compared with hsCRP \<2 mg/L, patients with hsCRP ≥2 mg/L also had a 1.28 (95% CI, 1.18--1.38) higher risk of MACEs. This risk association was similarly consistent for some of the single components of MACEs (MI and cardiovascular mortality), but there was no clear association between hsCRP and the risk of nonfatal stroke (Table [S11](#jah34154-sup-0001){ref-type="supplementary-material"}).

![Kaplan‐Meier curves showing the cumulative incidence of death (**A** and **B**) or major adverse cardiovascular events (MACEs;**C** and **D**) for different hsCRP (high‐sensitivity C‐reactive protein) categories in real‐world patients after myocardial infarction.](JAH3-8-e012638-g003){#jah34154-fig-0003}

###### 

Number of Events, Incidence Rates, and HRs for the Risk of All‐Cause Mortality and MACEs Associated With hsCRP Level

  Variable              No. of Events/No. of Patients   Annual Incidence Rate, %   Crude HR (95% CI)   Adjusted HR (95% CI)
  --------------------- ------------------------------- -------------------------- ------------------- ----------------------
  All‐cause mortality                                                                                  
  hsCRP \<2 mg/L        842/5924                        4.1                        1.00                1.00
  hsCRP ≥2 mg/L         3296/11 540                     9.3                        2.26 (2.10--2.44)   1.42 (1.31--1.53)
  hsCRP ≤1 mg/L         765/5543                        4.0                        1.00                1.00
  hsCRP \<1--3 mg/L     972/4938                        6.0                        1.49 (1.36--1.64)   1.20 (1.09--1.32)
  hsCRP \>3--10 mg/L    1638/5161                       10.5                       2.64 (2.42--2.87)   1.57 (1.44--1.72)
  hsCRP \>10 mg/L       763/1826                        15.8                       3.96 (3.58--4.37)   1.63 (1.47--1.81)
  MACEs                                                                                                
  hsCRP \<2 mg/L        928/5924                        4.8                        1.00                1.00
  hsCRP ≥2 mg/L         2972/11 540                     9.1                        1.86 (1.72--2.00)   1.28 (1.18--1.38)
  hsCRP ≤1 mg/L         844/5543                        4.7                        1.00                1.00
  hsCRP \<1--3 mg/L     1005/4938                       6.6                        1.41 (1.28--1.54)   1.18 (1.08--1.29)
  hsCRP \>3--10 mg/L    1433/5161                       10.0                       2.10 (1.93--2.29)   1.37 (1.25--1.50)
  hsCRP \>10 mg/L       618/1826                        13.9                       2.89 (2.60--3.21)   1.40 (1.25--1.56)

Models were adjusted for age, sex, time since myocardial infarction, hemoglobin, estimated glomerular filtration rate, comorbidities (diabetes mellitus, hypertension, chronic obstructive pulmonary disease, cancer, dementia, heart failure, peripheral vascular disease, stroke, atrial fibrillation, inflammatory bowel diseases, and rheumatoid diseases), undertaken procedures (coronary artery bypass grafting and percutaneous coronary intervention), and ongoing medications (aspirin, NSAIDs, angiotensin‐converting enzyme inhibitors/angiotensin receptor blockers, mineralocorticoid‐receptor antagonists, β blocker, other diuretics, calcium channel blockers, other blood pressure drugs, digoxin, statins, ezetimibe, fibrates, resins, and nicotinic acid). HR indicates hazard ratio; hsCRP, high‐sensitivity C‐reactive protein; MACE, major adverse cardiovascular event.

When stratifying hsCRP into 4 categories (≤1, 1--3, \>3--10, and \>10 mg/L), we observed similar dose‐dependent associations for the 3 first categories, but not for the highest stratum. This flattening of risk association at higher levels was also observed in cubic splines (Figure [4](#jah34154-fig-0004){ref-type="fig"}), depicting an exponential association between hsCRP (as a continuous variable) and study outcomes. The magnitude of the risk association plateaued at an hsCRP value of ≈5 to 6 mg/L for all‐cause mortality, and of 4 to 5 mg/L for MACEs.

![Restricted cubic splines depicting the adjusted hazard ratios (and 95% CIs) of all‐cause mortality (**A**) and major adverse cardiovascular events (**B**) associated with hsCRP (high‐sensitivity C‐reactive protein; a continuous variable). Models were adjusted for age, sex, time since myocardial infarction, hemoglobin, estimated glomerular filtration rate, comorbidities (diabetes mellitus, hypertension, chronic obstructive pulmonary disease, cancer, dementia, heart failure, peripheral vascular disease, stroke, atrial fibrillation, inflammatory bowel diseases, and rheumatoid diseases), undertaken procedures (coronary artery bypass grafting and percutaneous coronary intervention), and ongoing medications (aspirin, NSAIDs, angiotensin‐converting enzyme inhibitors/angiotensin receptor blockers, mineralocorticoid‐receptor antagonists, β blocker, other diuretics, calcium channel blockers, digoxin, statins, ezetimibe, fibrates, resins, nicotinic acid, and other blood pressure drugs).](JAH3-8-e012638-g004){#jah34154-fig-0004}

To test the robustness of our findings, stratified analyses were conducted in high‐risk populations, and multiplicative interaction terms were tested to explore risk modifications. The association between hsCRP ≥2 mg/L and study outcomes was found robust and similar in magnitude through the studied subgroups (Figures [5](#jah34154-fig-0005){ref-type="fig"} and [6](#jah34154-fig-0006){ref-type="fig"}), with hazard ratios between 1.20 and 1.60. Some multiplicative interactions were noted, suggesting that the association between hsCRP and outcomes was slightly stronger among patients aged \<65 years and among men. The association was also stronger in the absence, rather than in the presence, of some comorbidities (hypertension, CKD, heart failure, and atrial fibrillation) and medications (statins). Nonetheless, differences in risk magnitude within these substrata were marginal. Exclusion of events occurring during the first 6 or 12 months of follow‐up minimally attenuated the magnitude of the estimates (Table [S12](#jah34154-sup-0001){ref-type="supplementary-material"}), suggesting reverse causation bias to be low. Finally, we explored hospitalization risks in these individuals, observing that patients with MI with elevated hsCRP levels had a higher hospitalization rate over time and a significantly longer in‐hospital stay compared with patients with MI with low hsCRP levels (Table [S13](#jah34154-sup-0001){ref-type="supplementary-material"}).

![Forest plots of hsCRP (high‐sensitivity C‐reactive protein) ≥2 mg/L and all‐cause mortality, overall and in subgroups. Models were adjusted (when appropriate) for age, sex, time since myocardial infarction (MI), hemoglobin, estimated glomerular filtration rate (eGFR), comorbidities (diabetes mellitus, hypertension, chronic obstructive pulmonary disease, cancer, dementia, heart failure, peripheral vascular disease, stroke, atrial fibrillation, inflammatory bowel diseases, and rheumatoid diseases), undertaken procedures (coronary artery bypass grafting and percutaneous coronary intervention), and ongoing medications (aspirin, z NSAIDs, angiotensin‐converting enzyme \[ACE\] inhibitors/angiotensin receptor blockers \[ARBs\], mineralocorticoid‐receptor antagonists, β blocker, other diuretics, calcium channel blockers, digoxin, statins, ezetimibe, fibrates, resins, nicotinic acid, and other blood pressure drugs). IBD indicates inflammatory bowel disease; RD, rheumatoid disease.](JAH3-8-e012638-g005){#jah34154-fig-0005}

![Forest plots of hsCRP (high‐sensitivity C‐reactive protein) ≥2 mg/L and risk of major adverse cardiovascular events, overall and in subgroups. Models were adjusted (when appropriate) for age, sex, time since myocardial infarction(MI), hemoglobin, estimated glomerular filtration rate (eGFR), comorbidities (diabetes mellitus, hypertension, chronic obstructive pulmonary disease, cancer, dementia, heart failure, peripheral vascular disease, stroke, atrial fibrillation, inflammatory bowel diseases, and rheumatoid diseases), undertaken procedures (coronary artery bypass grafting and percutaneous coronary intervention), and ongoing medications (aspirin, NSAIDs, angiotensin‐converting enzyme \[ACE\] inhibitors/angiotensin receptor blockers \[ARBs\], mineralocorticoid‐receptor antagonists, β blocker, other diuretics, calcium channel blockers, digoxin, statins, ezetimibe, fibrates, resins, nicotinic acid, and other blood pressure drugs). IBD indicates inflammatory bowel disease; RD, rheumatoid disease.](JAH3-8-e012638-g006){#jah34154-fig-0006}

Discussion {#jah34154-sec-0019}
==========

This healthcare‐based study of stable patients with MI has the following novel findings: (1) Inflammation, as reflected by hsCRP ≥2 mg/L, was pervasive and present in \>60% of patients. (2) Inflammation was particularly common among those with comorbidities and, notably, among those with low kidney function and anemia. Conversely, the use of statins was associated with lower inflammation risk. (3) Inflammation was a strong predictor of subsequent risk of MACEs and death, with associations being linear for hsCRP ranging between 1 and 5 mg/L and plateauing thereafter to a sustained increased risk. Collectively, our study comprehensively characterizes the prevalence, predictors, and prognostic validity of this condition, thus expanding trial evidence to real‐world clinical settings of secondary prevention.

Two thirds of the patients in our study had hsCRP ≥2 mg/L, and 40% had hsCRP \>3 mg/L. Evaluating the frequency of inflammation in routine clinical practice is important to size and increase awareness of this problem. However, epidemiological evidence for patients with MI to date derived mainly from historical proof‐of‐concept studies performed in the 1990s[18](#jah34154-bib-0018){ref-type="ref"}, [19](#jah34154-bib-0019){ref-type="ref"}, [20](#jah34154-bib-0020){ref-type="ref"} or from post hoc analyses of trials[4](#jah34154-bib-0004){ref-type="ref"}, [5](#jah34154-bib-0005){ref-type="ref"}, [6](#jah34154-bib-0006){ref-type="ref"} with inclusion/exclusion criteria that could not, per definition, estimate the burden of this phenomenon. Our results are the largest healthcare‐based analysis to date, and the external validity of the cross‐sectional part of our study is supported by a recent report of 1296 participants from the US National Health and Nutrition Examination Survey that reaches similar prevalence figures.[21](#jah34154-bib-0021){ref-type="ref"} Also, recently, Kalkman and colleagues[22](#jah34154-bib-0022){ref-type="ref"} estimated, in a retrospective registry study of 7026 patients undergoing PCI, that, although 38% had persistently hsCRP ≥2 mg/L, 10% more increased their hsCRP over a 4‐week period. If inflammation is in the causal pathway of cardiovascular disease,[1](#jah34154-bib-0001){ref-type="ref"}, [2](#jah34154-bib-0002){ref-type="ref"} this high prevalence has important clinical implications.

The chief finding in our study is the consistent association between hsCRP and MACEs or risk of death, expanding to routine health care the observations from clinical trials[4](#jah34154-bib-0004){ref-type="ref"}, [5](#jah34154-bib-0005){ref-type="ref"}, [6](#jah34154-bib-0006){ref-type="ref"} and patients undergoing PCI.[22](#jah34154-bib-0022){ref-type="ref"} Another addition to the literature is our spline analyses, showing on a continuous scale the dynamic outcome association for this biomarker. The plateauing risk magnitude for hsCRP \>5 mg/L may have implications for understanding risks and potentially directing treatment, and we suggest this cutoff as a potential infliction point to test and validate in future studies. We speculate that to improve patient outcomes, hsCRP levels in highly inflamed patients should be brought down to the sloping part (ie, \<5 mg/L). Such speculation is in line with results from CANTOS, whereby individuals most likely to achieve the target hsCRP concentration of \<2 mg/L at 3 months were, naturally, those who started out with lower baseline values.[23](#jah34154-bib-0023){ref-type="ref"} Those who started out with higher baseline values and did not reach the target had only small and nonsignificant benefits (hazard ratio, 0.95; 95% CI, 0.84--1.09; *P*=0.48).[23](#jah34154-bib-0023){ref-type="ref"} Attaining specific levels of a risk marker, as hsCRP in this case, may help guiding conversations toward personalized medicine and rational resource use.

Finally, our multivariate risk analyses confirm the diversity of risk factors involved in this condition; diabetes mellitus, cardiovascular comorbidities, and other proinflammatory conditions, such as chronic obstructive pulmonary disease and rheumatoid diseases, credibly contribute to the patient\'s inflammatory risk, along with some of the medications used to treat them, such as NSAIDs, digoxin, or diuretics.[24](#jah34154-bib-0024){ref-type="ref"}, [25](#jah34154-bib-0025){ref-type="ref"}, [26](#jah34154-bib-0026){ref-type="ref"} Lower kidney function and anemia were progressively associated with the risk of inflammation in our study. Suppression of erythropoiesis by inflammation, together with alterations of the erythrocyte membrane that impair its survival and impaired iron homeostasis, is thought to cause anemia of inflammation in a wide range of chronic diseases.[27](#jah34154-bib-0027){ref-type="ref"} Although inflammation is prevalent in people with advanced kidney disease,[28](#jah34154-bib-0028){ref-type="ref"} a wealth of evidence suggests that multiple processes related to renal injury and repair induce unique changes in innate and adaptive immunity.[28](#jah34154-bib-0028){ref-type="ref"} It is, however, unknown if resolving inflammation may retard kidney disease progression.[29](#jah34154-bib-0029){ref-type="ref"}

The use of statins emerged as a notable clinical predictor (with an overall risk reduction of 33%), in line with the demonstrated effects of this therapy in reducing inflammation,[29](#jah34154-bib-0029){ref-type="ref"}, [30](#jah34154-bib-0030){ref-type="ref"} as lipids activate the knot‐like receptor protein 3 inflammasome that leads to interleukin‐1β activation.[31](#jah34154-bib-0031){ref-type="ref"} We also found that the risk of inflammation was lower among users of angiotensin‐converting enzyme inhibitors/angiotensin receptor blocker. Disentangling the risk attributed to medications from that of comorbidities is complex in observational analyses, as comorbidities and medications are intricately connected. However, such an association again agrees with convincing evidence indicating that RAS (Renin Angiotensin System) blockade, on balance, improves parameters of innate and adaptive immunity.[32](#jah34154-bib-0032){ref-type="ref"}, [33](#jah34154-bib-0033){ref-type="ref"}, [34](#jah34154-bib-0034){ref-type="ref"}, [35](#jah34154-bib-0035){ref-type="ref"} As discussed in recent editorials, hsCRP remains often unmonitored in secondary cardiovascular prevention by internists and cardiologists.[36](#jah34154-bib-0036){ref-type="ref"}, [37](#jah34154-bib-0037){ref-type="ref"} The characterization of inflammation risk in our study, thus, serves to identify patient groups who may benefit from more aggressive and guideline‐based treatment of risk factors. Although our findings can constitute the basis for risk scores for use in settings where hsCRP testing is not available, this information can motivate the need for inflammation‐preventive strategies, such as lipid‐lowering agents of other inflammation‐specific drugs. Furthermore, it can help patient discussions conveying risk and encouraging lifestyle changes related to diet, exercise, and smoking cessation to reduce their inflammation.[35](#jah34154-bib-0035){ref-type="ref"}

Strengths of our study include a large sample size, richness of information on risk factors and confounders, solid outcome definition, and virtually no losses to follow‐up. Our study also has limitations; the studied population was representative of the patients with MI of Stockholm, Sweden, during 2007 to 2011, which counts with uniform and tax‐funded health care. Extrapolation of our findings to other areas or periods should be done with caution. As any observational study, our associations preclude any inference on causality. Because hsCRP tests were taken in connection to a healthcare encounter, factors that predict blood testing may predict detected inflammation. Despite the fact that our careful study design tried to avoid confounding by indication, residual and unknown confounding remains intrinsic to observational analyses. In this sense, we acknowledge the lack of information on MI size, troponins, body mass index, or smoking habits. Causes of death were ascertained by *ICD‐10* codes and not always confirmed by autopsies; thus, there was the possibility of misclassification. Finally, as our exposure depends on laboratory test ordering in health care, it was unfortunate that there were not sufficient participants with concurrent blood lipid testing to study the combined risks and prognosis of high low‐density lipoprotein cholesterol and high hsCRP.

To conclude, by characterizing hsCRP levels among stable patients with MI accessing routine health care, we demonstrate its commonness and prognostic significance for the risk of death and MACEs in secondary prevention. Our analysis also identifies populations at high risk of persistent inflammation who may particularly benefit from targeted anticytokine therapies.
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